ABSTRACT The effects of Se supplementation and its organic or inorganic form on semen quantitative parameters (ejaculate volume, sperm concentration, and total number of sperm) and biochemical parameters of seminal plasma (protein concentration, acid phosphatase activity, superoxide dismutase activity, and total antioxidant capacity) were investigated over a 25-wk reproductive season. Additionally, DNA fragmentation and motility characteristics of turkey spermatozoa were measured. The parameters of turkey semen in relation to yellow semen syndrome were also determined. Twenty-four males (Big 6) were divided into 3 experimental groups differing in form of Se supplementation (no Se supplementation, 0.3 mg/kg of inorganic Se from sodium selenite and 0.3 mg/kg of organic Se from Sel-Plex, Alltech Inc., Nicholasville, KY). Dietary Se supplementation enhanced the sperm concentration and total number of sperm and did not influence the antioxidative properties of turkey seminal plasma and most biochemical parameters. Only seminal plasma acid phosphatase activity was increased in turkeys fed inorganic Se. The main sperm DNA fragmentation parameters were not affected by dietary Se. The highest percentage of motile spermatozoa (85%) was recorded for the semen of turkeys fed organic Se. Values of the biochemical parameters (acid phosphatase, superoxide dismutase, total antioxidant capacity) of seminal plasma increased during the reproductive season. Yellow semen was characterized by increased biochemical parameters and decreased spermatozoa motility characteristics. However, the percentage of motile spermatozoa did not differ between white and yellow semen. Organic Se seemed to be the preferred form of diet supplementation in comparison with inorganic Se. Biochemical parameters of semen and spermatozoa motility parameters appear to be useful for evaluating the effect of age on semen quality. Monitoring the DNA fragmentation of spermatozoa at the end of the reproductive season could be a useful tool for monitoring turkey semen quality. Increased superoxide dismutase activity can be used as an indicator of yellow semen. A decline in the quality of yellow semen can be related to a decrease in the spermatozoa motility parameters of turkeys.
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INTRODUCTION
Selenium is an essential element playing an important role in animal reproduction (Smith and Picciano, 1986; Surai, 2002) . Selenium can be found in the body as a part of at least 25 selenoproteins (Ursini et al., 1997; Kryukov et al., 2003) . Those selenoproteins are considered to be involved in the regulation of various physiological functions, including antioxidant protection, redox regulation of gene expression, thyroid metabolism, and sperm structure integrity maintenance (Surai, 2002) .
In many animals, including birds, Se can accumulate in high concentrations in the endocrine glands (Vohra et al., 1973) and reproductive organs (Behne et al., 1988; Allan et al., 1999) . Selenium has been demonstrated to be a constituent of spermatozoa and an essential element for spermatogenesis (Wu et al., 1973) . Furthermore, Se has antioxidative properties via its involvement in the active site of the enzyme glutathione peroxidase, which is present in both seminal plasma and spermatozoa. This trace element is essential for male fertility (Hansen and Deguchi, 1996) . A deficiency in dietary Se can result in a decreased number of spermatozoa per ejaculate, decreased motility, and decreased fertilizing capacity in both mammals and birds, such as chickens, turkeys, and ducks (Hansen and Deguchi, 1996; Surai et al., 1998a,b; Surai, 2000) . In animal husbandry, it is important to supplement diets with Se to maintain semen quality.
There are 2 main sources of Se in the diet: inorganic Se selenite or selenate and organic Se (mainly selenomethionine). Data accumulated over the last decade have clearly indicated that fundamental differences exist between these 2 forms of Se. The organic form provides more Se reserves in the body and a more efficient transfer to the egg (Surai, 2002) . The main sources of selenomethionine are plants, which absorb Se from the soil in the form of selenite and synthesize selenoamino acids (Whanger, 2002) . Selenomethionine is also the major selenocompound in Se-enriched yeast (Połatajko et al., 2005) , which is used as natural form of Se for dietary supplementation (e.g., Sel-Plex, Alltech Inc., Nicholasville, KY).
Data on the effect of dietary supplementation with organic Se on broiler breeder semen suggest that the use of organic Se as selenomethionine improves semen production and the quality of semen (Edens, 2002) . This was associated with an earlier development of secondary sexual characteristics as well as hormonal development in the earlier maturing males. Furthermore, the sperm quality index was increased as well as the percentage of normal spermatozoa after dietary supplementation with selenomethionine. At the same time, the proportion of various abnormalities in semen decreased (Edens, 2002) . These results suggested the advantages of organic Se in maintaining chicken semen quality. However, such data are not available for turkeys. The only effect on liquid storage of turkey semen was reported by Dimitrov et al. (2007) .
In all poultry species, quality parameters of semen, such as volume, concentration, and motility of spermatozoa, change as males age, leading to a progressive decline in fertility (Bakst and Cecil, 1992; Kelso et al., 1996) . The age of male turkeys also influences the biochemical parameters of seminal plasma, including protein concentration, acid phosphatase (AcP), and antiproteinase activities. The values of these parameters increase several times during the reproductive season (Kotłowska et al., 2005) . The protein concentration levels and activities of enzymes such as aspartate aminotransferase and AcP are linked to semen quality and the occurrence of yellow semen syndrome (YSS; Thurston et al., 1982; Hess and Thurston, 1984a,b) . Such semen is of lower quality and, when used for insemination, results in reduced fertility and hatchability (Thurston et al., 1992; Thurston and Korn, 1997) .
The objective of the present study was to examine the effect of dietary organic Se (Sel-Plex) and inorganic Se (sodium selenite) supplementation on semen quantitative parameters and antioxidative status of turkey semen. Additionally, DNA fragmentation and motility characteristics of turkey spermatozoa were measured. Selenium supplementation and age were studied as separate factors or the interaction between Se and age was taken in the consideration. Yellow semen syndrome was not an independent factor, but rather a dependent factor and was therefore not taken in consideration. We also determined the changes in turkey semen characteristics in relation to the age of the birds and YSS. This knowledge is important for a better understanding of the physiological processes of turkey semen.
MATERIALS AND METHODS
Twenty-four males (British United Turkeys Big 6, Grelier, St Laurent de la Plaine, France) were maintained under standard husbandry condition at the Grelavi Farm in Gołogóra, Poland. Feed supplemented with inorganic Se (0.2 mg/kg of Se from sodium selenite, 60 mg/kg of vitamin E) and water were provided ad libitum. Males were photostimulated (14L:10D). At 28 wk of age, the turkeys were randomly divided into 3 groups (8 birds in each) differing in the form of Se added to standard diets. The birds in group I were fed diets without Se supplementation, the birds in group II were supplied with 0.3 mg/kg of organic Se from Sel Plex (Alltech Inc.), and those in group III were supplied with 0.3 mg/kg of inorganic Se in the form of sodium selenite. Selenium concentration in the diet without Se supplementation, with organic Se, and with inorganic Se was determined to be 0.051, 0.206, and 0.239 mg/kg, respectively. The analyses were performed at the Sea Fisheries Institute in Gdynia, Poland. The minimum Se requirement for turkeys according to the NRC (1994) is 0.2 mg/kg. The birds were on the diets for 2 wk before study data were collected. Before beginning the experiment, semen was collected twice.
Semen was collected from individual toms at 1-wk intervals by abdominal massage (Burrows and Quinns, 1937) . Semen characteristics were determined every 6 wk. The color of semen (white or yellow) was estimated by subjective observation. The volume of semen was measured using a syringe with 0.05-mL graduations. The sperm concentration was calculated using the photometric method described by Bakst and Cecil (1997) . The absorbance at 530 nm was measured using a Beckman DU 800 instrument (Analytical Instruments LLC, Golden Valley, MN). The protein concentration in seminal plasma was measured according to the method of Lowry et al. (1951) . The AcP activity in seminal plasma was measured using the method of Bessey et al. (1946) . Total antioxidant capacity (TAC) of seminal plasma was determined using a commercial kit (SigmaAldrich, St. Louis, MO). The principle of the assay is to incubate ABTS [2,2′-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)] with myoglobin and hydrogen peroxide to produce a radical cation, ABTS + . Absorbances were read at 405 nm using a Multiscan EX microplate reader (Labsystems, Helsinki, Finland). Trolox served as the standard, and samples were expressed as equiva-lents of the micromole concentration of Trolox solution. To determine the superoxide dismutase (SOD) activity of seminal plasma, we used a commercial kit (Sigma) that used Dojindo's highly water-soluble tetrazolum salt [2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt], which produces a water-soluble formazan dye on reduction with superoxide anion. One unit is defined as the quantity of SOD required to produce a 50% inhibition of this reaction.
Immediately after semen collection, computer-aided sperm analysis of semen samples from individual males was performed. Semen samples from each individual male were collected and analyzed every 5 min (first the control group, and then the organic Se and inorganic Se groups). Video recordings of motile spermatozoa were made using a microscope with a 10× negative-phase objective and a Sony black and white charge-coupled device video camera (SPTM108CE, Sony, Tokyo, Japan). Video recordings were always analyzed by the same person using a Hobson Sperm Tracker (Hobson Vision Ltd., Baslow UK). MicroCell 2-chamber (20-μm depth of the chamber) slides (Conception Technologies, San Diego, CA), were mounted on a heated stage (39°C). Analyses were done in duplicate; 100 sperm tracks were recorded from each side of the slide, for a total of 200 tracks/sample. Conditions of sperm dilutions, recordings, and Hobson Tracker settings followed those described by King et al. (2000) and Kotłowska et al. (2007) for turkey spermatozoa. Semen samples were incubated for 5 min in the motility buffer at 39°C. The Hobson Sperm Tracker gives an accurate analysis if 30 to 50 spermatozoa are on the screen at the start of motility. Too many or too few spermatozoa will give poor analyses or results. To obtain these conditions, we needed to use the appropriate dilution, depending on the initial concentration of sperm for each analysis. Turkey semen was diluted 300 to 500 times to obtain 30 to 50 sperm on the screen at the start of motility. The motility buffer (50 mM Tris buffer, pH 7.4, 120 mM NaCl, 10 mM glucose, 2 mM CaCl 2 ) was supplemented with 0.5% BSA to prevent adherence of spermatozoa to the glass slides. Motility parameters used in this study were as follows: curvilinear velocity (VCL), velocity over the actual sperm track; average path velocity (VAP), velocity over a calculated smoothed path; straight-line velocity (VSL), velocity over the straightline distance between the beginning and end of the sperm track; linearity (LIN), the straight-line distance divided by the incremental deviations of the actual path (%); beat-cross frequency (BCF), the frequency with which the sperm crosses the smoothed path; and the amplitude of lateral head displacement (ALH), the time average of absolute values of the instantaneous turning angle of the sperm head along its curvilinear trajectory. The video recording from the first semen collection was lost.
Semen samples from turkey toms were also used for a comet assay. Deoxyribonucleic acid damage in semen samples was assessed using the comet assay (Trevigen Inc., Gaithersburg, MD). This protocol had been modified and optimized for turkey spermatozoa. The modifications included prolonged (to 3 h) lysis at 37°C with 40 mM dithiothreitol and proteinase K (0.1 mg/mL) in lysis solution. An additional unwinding step in alkali solution (15 min at room temperature) was included. Electrophoresis was carried out for 10 min in a SubCell BT cell, 15 × 15 cm gel (Bio-Rad, Hercules, CA) at 20 V, 25 mM, and 5 W. Deoxyribonucleic acid was stained with ethidium bromide (2.5 μg/mL). Slides were viewed by epifluorescence microscopy (40× magnification), and digital comet images were captured with an Olympus BX40 microscope (Olympus, Tokyo, Japan). Comet images were scored by the use of a computerized method using Komet 5.5 Software (Kinetic Imaging, Bromborough, Wirral, UK). Fifty comets were measured per replicate sample (i.e., slide circle). Scored parameters included the head DNA percentage, tail length (μm), Olive tail moment, and comet extent. The Olive tail moment is a global comet parameter expressed as [(tail mean − head mean) × (% tail DNA/100)] and is used to quantify DNA damage (Olive et al., 2001) . The comet extent is defined as the distance in micromoles between the right and left edges of the comet.
The results of the experiment were analyzed using 2-way ANOVA. Significant differences between means were determined by Duncan's tests. The differences were considered significant at P ≤ 0.05. Statistica (Version 9.0, 2007, StatSoft Inc., Tulsa, OK) software was used for statistical calculations. Selenium supplementation and age were studied as separated factors or the interaction between Se and age was taken into consideration.
RESULTS

Semen Characteristics in Relation to Se Supplementation
The semen from turkeys fed the Se supplement had a higher sperm concentration and total number of sperm compared with control birds (Table 1) . However, no significant differences were found between turkey fed organic and inorganic Se. With the exception of AcP activity in seminal plasma, supplementation of Se did not influence the biochemical parameters of turkey seminal plasma. Turkeys fed the diet containing inorganic Se had the highest AcP activity of seminal plasma. There was no difference between organic Se and control AcP.
The highest percentage of motile spermatozoa was recorded in the group fed the diet containing organic Se. The lowest value of BCF was recorded for semen from turkeys fed inorganic Se. For other characteristics of motility, no significant differences were found. Selenium supplementation did not influence the head DNA and Olive tail moment of the sperm DNA. Sperm from turkeys fed inorganic Se were characterized by the lowest values for tail length and comet extent. No differences 1 N = number of males; n = number of ejaculates.
2 AcP = acid phosphatase; TAC = total antioxidant capacity; SOD = superoxide dismutase. *P < 0.05; **P < 0.01; ***P < 0.001.
were found in tail length and comet extent between the groups fed organic Se and no Se supplementation.
Semen Characteristics in Relation to Age of the Males
No significant differences in ejaculate volume and total number of sperm were found over the 25 wk evaluated. The sperm concentration was similar for most sampling periods, with the exception of wk 37, when the lowest sperm concentration was recorded (Table  1) .
The age of the males influenced the seminal plasma AcP activity, TAC, and activity of SOD (Table 1 ). The lower activities of AcP and TAC were found at the beginning of the reproductive period. In the middle of the reproductive season, the highest levels of AcP and TAC were found, at wk 49 and 43 of age, respectively. The SOD activity gradually increased during the reproductive season and reached the highest level at end of the reproductive season (at 55 wk of age). No statistical differences in seminal plasma protein concentration were found during the time of semen production ( Table  1) .
Statistical comparison of the percentage of motile spermatozoa revealed statistically significant interactions (Table 2) . No differences were found in spermatozoa motility for the 3 groups over the 25-wk reproductive season. However, at the beginning of the reproductive period, the highest percentage of motile spermatozoa was recorded for the group fed organic Se supplementation. For other spermatozoa motility characteristics, no interactions were found, so a general conclusion was possible (Table 2 ). All spermatozoa motility characteristics related to speed of movement (VCL, VSL, VAP) and trajectory of movement (LIN, BCF, ALH) decreased during the time of semen production ( Table 2 ).
The percentage of completely damaged comets was 2-fold higher at the end of the reproductive season compared with the beginning and middle of the season (Table 3). Statistically significant interactions were found for the tail length and comet extent of sperm DNA (Table 3) . The values of those comet characteristics 1 N = number of males; n = number of ejaculates. 2 VSL = straight-line velocity; VCL = curvilinear velocity; VAP = average path velocity; LIN = linearity; BCF = beat-cross frequency; ALH = amplitude of lateral head displacement. *P < 0.05; **P < 0.01; ***P < 0.001.
decreased during the time of semen production. The percentages of head DNA and Olive tail moment were similar for most sampling periods, with the exception of wk 49, when the highest percentage of head DNA and the lowest Olive tail moment value were recorded (Table 3) .
Semen Characteristics of White and Yellow Semen
Five birds studied in this work produced yellow semen. (During the first semen collection, 3 turkeys from the group without Se supplementation produced yellow semen.) Twenty-six percent of ejaculates were classified as yellow semen. The highest percentage of yellow semen was found in turkeys without Se supplementation (48.60%; Table 4 ).
Yellow semen was characterized by a higher volume of semen and total number of sperm in comparison with white semen. Protein concentration, AcP activity, and SOD activity in yellow seminal plasma were also higher compared with white seminal plasma. However, TAC did not differ between white and yellow seminal plasma. The SOD activity was positively correlated with seminal plasma protein concentration (r = 0.803, P ≤ 0.001). The percentage of motile spermatozoa did not differ between white and yellow semen. However, spermatozoa motility characteristics related to both speed of movement (VSL, VAP) and trajectory of movement (LIN, BCF) were lower in yellow semen (Table 4) 
DISCUSSION
This is the first report that supplementation with organic and inorganic Se resulted in improved turkey 1 n = number of ejaculates; N = number of males. 2 A global comet parameter expressed as [(tail mean − head mean) × (% tail DNA/100)] and is used to quantify DNA damage.
*P < 0.05; **P < 0.01; ***P < 0.001.
semen quality characteristics, such as sperm concentration and total number of sperm. These results suggest that diets supplemented with Se can improve the reproductive performance of turkey males. An increase in sperm count after Se supplementation has been documented previously for cockerels (Ebeid, 2009 ). The latter were fed organic Se supplementation and subjected to heat stress. It is unknown whether, similar to the results obtained for turkey toms in our study, organic Se supplementation can improve the semen quality of cockerels under normal temperature. A significant effect of dietary Se supplementation on the percentage of motile spermatozoa was found in turkeys. That value was higher in semen from turkeys fed organic Se. On the other hand, Dimitrov et al. (2007) did not find any effect of dietary organic Se on turkey spermatozoa motility. However, in contrast to our work, the percentage of motile spermatozoa in their work was evaluated subjectively. In our work, differences between organic Se supplementation and the other groups were in the range of 7 to 8%. Under the conditions of subjective methods, such small differences in spermatozoa motility could be unnoticeable. The application of computer-aided-sperm analysis of semen seemed to be a more sensitive method for measuring turkey spermatozoa motility and seemed to be essential for observing slight differences in motility percentages. An increase in spermatozoa motility after organic Se supplementation has also been demonstrated for cockerels (Ebeid, 2009) . These results and our data suggest that supplementation of diets with organic Se is beneficial for spermatozoa motility in poultry.
Spermatozoa motility characteristics related to speed and trajectory of movement, except for BCF, did not differ between groups. The values for BCF were lowest for spermatozoa from turkeys fed inorganic Se supplementation. According to King et al. (2000) , spermatozoa motility parameters, such as VSL, VAP, VCL, LIN, and BCF, are positively correlated with sperm mobility. The lowest values for BCF and the decreased values for other spermatozoa motility parameters after inorganic Se supplementation indicated that the inorganic form of Se caused a decline in some sperm motion parameters. In summary, results of the present study suggest that the form of Se supplementation is important for turkey spermatozoa motility. Organic Se supplementation seems to be more effective than inorganic Se supplementation in breeding turkey males.
Results of the present study indicated that, similarly to motility, the form of dietary Se supplementation can influence seminal plasma AcP activity. The highest AcP activity was found in the seminal plasma of turkeys fed inorganic Se. The AcP activity of turkey seminal plasma is recognized as an indicator of semen 1 n = number of ejaculates. 2 AcP = acid phosphatase; TAC = total antioxidant capacity; SOD = superoxide dismutase; VSL = straight-line velocity; VCL = curvilinear velocity; VAP = average path velocity; LIN = linearity; BCF = beat-cross frequency; ALH = amplitude of lateral head displacement. *P < 0.05; **P < 0.01; ***P < 0.001.
quality. It has been demonstrated that increased AcP activity is a characteristic of YSS (Thurston and Korn, 1997; Hess and Thurston, 1984b) . The elevated AcP activity of seminal plasma may be related to changes in the epithelia of the ductus efferent occurring in the turkey reproductive tract or may originate from damaged spermatozoa . In summary, inorganic Se supplementation could allow a decrease in the quality of semen through an increase in AcP activity of seminal plasma and a decrease in some spermatozoa motility parameters (as shown above). No significant effect was detected in SOD activity and TAC due to Se supplementation. Although, decreased values of SOD and TAC were found in the semen of turkeys without Se supplementation, these differences were not statistically significant. For example, the differences in TAC between groups were quite high [3.87 vs. 4.79 (μmol of Trolox/mL for control and organic Se, respectively)]. These results were unexpected in view of existing knowledge indicating the positive role of Se in antioxidant defenses of cockerel semen (Surai et al., 1998a,b; Ebeid, 2009) . Such data are not available for turkeys. Therefore, further experiments are necessary to confirm that indeed TAC is not influenced by dietary Se.
In our study, the measurement of glutathione peroxidase activity of turkey semen was unsuccessful. Using a commercial kit for the detection of glutathione peroxidase activity, we were unable to measure glutathione peroxidase activity in turkey seminal plasma, although we were able to measure the positive control (glutathione peroxidase from bovine erythrocytes) and glutathione peroxidase activity of bull semen. Surai et al. (1998a) , using a kit from another provider, were able to detect the glutathione peroxidase activity in turkey spermatozoa and seminal plasma. This result indicates that the usefulness of a commercial kit for measuring glutathione peroxidase activity has to be tested before beginning the experiments. Perhaps turkey seminal plasma glutathione peroxidase possesses specific catalytic characteristics; therefore, further studies should focus on characterizing glutathione peroxidase kinetic parameters.
The supplementation of diets with Se did not affect the percentage of completely damaged comets and the main comet parameters, such as percentage of head DNA and Olive tail moment. However, the form of dietary Se supplementation slightly influenced tail length and comet extent. These parameters were lowest for sperm from turkeys fed inorganic Se, which suggests that it may protect sperm DNA to a certain level. The available information on turkey sperm DNA fragmentation concerns the effects of liquid storage on turkey spermatozoa. Kotłowska et al. (2007) indicated that changes in semen quality during liquid storage related to damaged sperm DNA were mainly demonstrated by a significant decrease in the percentages of head DNA. Further studies are needed to show if the differences obtained in our work, in tail length and comet extent, could be related to semen quality.
It is puzzling that, in some cases, turkeys supplemented with inorganic Se produced semen of a quality equal to or lower than those without any supplementation. It is possible that before treatment, Se had accumulated in the testes; therefore, the semen quality of turkeys supplemented with inorganic Se did not improve further. In addition to Se supplementation, all birds were fed a vitamin E supplement (60 mg/kg of diet). Vitamin E is a natural antioxidant that enhances the quality of bird semen (Surai et al., 1998b) . It can be concluded that the supplementation of inorganic Se was not more effective than 0.05 mg/kg of Se presented in the diet without supplementation.
Results of the present study proved that organic Se improved some sperm quality parameters more effectively than did selenite. These findings are in agreement with those of many workers who demonstrated that the form of dietary Se supplementation is a crucial factor in its efficiency, with organic Se being much more effective than inorganic Se (Edens, 2002; Surai, 2002; Ebeid, 2009; Edens and Sefton, 2009) . These data confirmed the importance of Se in maintaining the quality of poultry semen and showed the advantages of organic Se.
In our experiment, the effects of Se supplementation were observed already in the first sampling for comet parameters and in the second sampling for sperm motility. A peculiar feature of avian reproduction is the short duration of spermatogenesis as compared with that of mammals. The time from the onset of meiosis to the end of spermatogenesis is only 14 d in the turkey compared with, for example, 37 d for the bull (Noirault et al., 2006) . Therefore, the effect of diet on sperm quality can potentially be observed after 2 wk. Our results concerning comet parameters confirm this suggestion, but for other sperm characteristics, a longer feeding time is necessary to observe the effects of Se.
Quantitative parameters of semen were not affected by the age of the male. Semen production during the breeding period from 30 to 55 wk of age was within the range previously established for the Big 6 line males (Kotłowska et al., 2005) . Our results confirm the previous observation (Kotłowska et al., 2005 ) that quantitative semen parameters of the Big 6 line change only slightly during the reproductive season.
Biochemical parameters of semen seem to be affected more by the age of the male than are quantitative parameters. The age of the males influenced the seminal plasma AcP activity, TAC, and activity of SOD. To our knowledge, the latter 2 were studied in turkeys during the season for the first time. All parameters tended to increase along with age. Elevated biochemical parameters of seminal plasma were reported previously by Kotłowska et al. (2005) . It was suggested that the elevated AcP activity and protein concentration at the end of the reproductive season may be related to changes occurring to the epithelia of the ductus efferent at the end of the reproductive period or can originate from damaged spermatozoa Kotłowska et al., 2005) . Elevated levels of parameters involved in the antioxidant defense suggest the need for neutralization of free radicals at the end of the reproductive season.
The percentage of sperm motility did not differ during the reproductive period. However, all sperm motility characteristics related to both the speed of movement (VCL, VSL, VAP) and trajectory of movement (LIN, BCF, ALH) decreased during the time of semen production. As mentioned, the sperm movement parameters VSL, VAP, VCL, LIN, and BCF are positively correlated with sperm mobility (King et al., 2000) . Results of the present study suggest that not the percentage of sperm motility but other sperm motility parameters reflect changes related to the aging of semen during the reproductive season.
At the end of the reproductive season, the percentage of completely damaged comets increased dramatically (about 51% of spermatozoa had completely damaged DNA). However, the percentage of sperm motility did not change at the same time. This suggests that numerous spermatozoa with damaged DNA but with a good motility rate are present in turkey semen at the end of the reproductive period. If such spermatozoa are involved in the fertilization process, they could be responsible for the reduction of fertilization at the end of the reproductive period. Results of the present study suggest that monitoring the DNA fragmentation of spermatozoa is important for the evaluation of turkey semen quality at the end of the reproductive season.
Comet analysis did not indicate any differences in the main comet characteristics: percentage of head DNA and Olive tail moment during the reproductive season. On the other hand, tail length and comet extent decreased with the age of the male. However, these changes were not high, and their significance is not clear. Further studies are necessary to evaluate the significance of these changes.
Increased seminal plasma protein concentration and AcP activity are characteristic features of YSS Hess and Thurston, 1984a,b) that were confirmed in our study. Additionally, we found an increase in SOD activity in yellow semen. This suggests that SOD activity can be another feature of YSS. Superoxide dismutase activity, similar to AcP activity, was positively correlated with seminal plasma protein concentration. The excess of protein, and possibly enzymes in YSS, may be deleterious to semen and cause the lowest quality of semen (Thurston and Korn, 1997) . Total antioxidant capacity, which did not correlate with protein concentration, did not differ between white and yellow semen. This suggests that white and yellow semen do not differ in antioxidant capacity.
The percentage of sperm motility did not differ between white and yellow semen. However, sperm motility characteristics related to both speed of movement (VSL, VAP) and trajectory of movement (LIN, BCF) were lower in yellow semen. According to King et al. (2000) , the parameters VSL, VAP, VCL, LIN, and BCF are significantly higher for the turkeys classified as highmobility males. To our knowledge, this is the first report indicating lower values for sperm motility parameters of YSS. This result strongly suggests that the low fertilizing ability of YSS can be related to some subtle changes in sperm movement. These changes can be observed only by using computer-aided sperm analysis, but not by the commonly used subjective estimation of sperm motility by way of microscopic observation.
In conclusion, the results of the present study confirm that the form of Se supplementation is important for turkey sperm motility. Organic Se seems to be the preferred form of diet supplementation in comparison with inorganic Se. However, fertility trials are necessary to demonstrate that positive effects of Se supplementation on semen characteristics in the turkey also apply to the fertilizing ability of spermatozoa. Biochemical parameters of semen and sperm motility parameters appeared to be useful for evaluating the effect of age on semen quality. At the end of the reproductive season, monitoring the DNA fragmentation of spermatozoa could be a useful tool for monitoring turkey semen quality. In addition to protein concentration and AcP activity of seminal plasma, increased SOD activity can be used as an indicator of YSS. A decline in the quality of YSS can be related to a decrease in sperm motility parameters in the turkey.
